(g) Fatigue of metals. In this series of experiments of fatigue test , Y. Fuji116)confir med that steels are enbrittled by the application of a heavy repe ated stress, and that on the other hand, the breaking strength and proportional limit are rather improved ,and again , that by the repeated stress, the slipping takes place in the crystals the m-selves as w ell as at the grain boundary , and also the boundary of slag particles .
to each other, and a magnetizing current was passed through those coils in series. Two secondary coils of the same dimensions were placed in each of these magnetising coils and connected in series, but in an opposite sense, a sensitive galvanometer being included in the circuit. When no specimen was placed in each of these coils, the induced current flowing through the secondary just canceled each other. Two test-pieces made of the same material and having the same dimensions were placed in each of the secondary coils; then on magnetization the galvanometer showed no deflection. When, however, one of these specimens is taken out, subjected to a certain number of repeated stresses placed again in the secondary coil and magnetized, a certain amount of deflection of the galvanometer is obtained. These processes were repeated with an increasing number of repeated stress, until the test-piece was finally broken. The deflection-stress number curve gives the progress of fatigue or the degree of fatigue. In this way he determined the fatigue degree for different carbon steels and obtained very interesting results. (Fig. 49) . By the same method he also investigated the recovery of the strained specimen caused by annealing.
The degree of fatigue F was also determined for different steels by means of a Charpy machine and by using the relation proposed by the present writer: (h) Endurance limit.
The usual method of determining the endurance limit requires a very long time and consequently is not very convenient; M. Ikeda119) recently devised a new rapid method by which the endurance limit can be determined in three hours only. The following is his method: -A repeated stress is given by Ono's rotating beam bending test machine, and the electrical resistance between two points of a test-piece which obtains after a definite number of repetition of stress, is measured by means of an ammeter and a potentiometer, this process being repeated for different magnitudes of stress. Up to a certain magnitude of stress the electric resistance remains constant and then begins to increase (Fig. 50) . The stress at which the resistance begins to increase, is found quite distinct, and hence is taken as the endurance limit: this value is always a little less than that obtained by the ordinary (b) Heat of mixture in molten metals.
M. Kawakami measured the heat of dissolution of many binary alloys, and showed that in the case of the alloys which form no intermetallic compounds of their components, or those possessing intermetallic compounds, which, however, break up into their components before they reach the liquidus line, the atomic heat of dissolution amounts to 50 to 600 calories in most cases and rarely to 800 calories, but in the case of the alloys having intermetallic compounds existing up to their melting point, the heat of mixture at the concentration of the compounds is 10 to 30 times greater than in the last case, and sometimes even exceeds 6000 calories. This result is very important in confirming the fact that an intermetallic compounds existing in the solid phase up to its melting point exists also as such in the molten state.
(c) Law of depression of freezingpoint. It is well known that in the case of the ordinary solution, the law of depression of freezing point holds good exactly and is used for the determination of the molecular weight of a solute. In the case of alloys, it is generally believed that the above law does not generally hold, although Heycock and Neville130) have already shown that for binary alloys which form a simple eutectic with each other, this law is fairly well satisfied. In the case of binary alloys forming a solid solution, there has as yet appeared no paper dealing with the confirmation of the law of depression or the elevation of the freezing point. T. Ishigaki and the present writer131) showed that in the case of the binary alloys of the simple eutectic type, which has no solubility on both sides of the pure components, the law of depression first given by Van't Hoff, that is, place in this portion, the slip must also occur in the adjacent triangular portion abc and therefore a greater stress is required.
This stress T2' is given by where a and b are two constants characteristic of a metal. The same relation holds good also for the final velocity of elongation. A similar measurement171) was also made by H. Shoji and Y. Mashiyama at high temperatures with cadmium lead and tin.
H Shoji gave a new definition for the plasticity of metals, P, as given by the expression and calculated from his results of experiment this constant for the initial and final velocities.
In a recent paper, H. Shoji272) made a theoretical investigation on the plasticity of metals, assuming the principle of superposition, and gave a change to his former is untenable; because (1) the energetising action is great even at temperatures where carbonates do not yet decompose, (2) in the presence of CO gas and carbonates, the action is accelerated without the presence of carbon, and (3) the cementation by a mixture of carbon and carbonates is far greater than that in the current of CO gas even in the absence of carbonates. Hence he proposed a new theory, in which he assumes that the energetising action of carbonates is to decompose CO gas and to set free nascent carbon atoms, these atoms directly diffusing into iron. He also investigated the effect of other alloying elements on the cementation of iron. The effect of occluded oxygen gas on cementation was investigated by K. Inouye.174) In solid steel, oxygen is found in the form of FeO, MnO or in that of solid solution, and increases with the carbon content. In steels coutaining a considerable quantity of oxygen, grain growth takes place during annealing and yields an abnormal steel, while those containing a small quantity of oxygen yield a normal steel. The cementation is generally deeper in the former case than in the latter.
(n) Ghost lines in steel ingots. S. Maita175) investigated by a long series of experiments special modes of segregation known as "corner ghost" and "thready ghost"; the former is usually found in the inside of polygonal ingot corners and even in that of round ingots. According to his results of experiments, the corner ghost is formed by a quick cooling in the first period of solidification, in which the external crystallised zone is being formed from the molten steel.
Thus the quick cooling causes some deformation in the external solidified zone and there gives rise to some internal fissure or loose structure, which is later filled up by the fluid segregate, and in this way the corner ghost is finally formed.
On the other hand, if the molten steel solidifies with a moderately slow cooling,
